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Introduction

• Standard Model is very successful describing subatomic physics
Quarks, Leptons, Gauge particles

• SM is incomplete
Neutrino masses
Unification of strong and electroweak forces
Gravity
Mixing angles

• Prediction of SM can be experimentally tested
High-energy searches for new particles
Low-energy precision measurements



The Neutron

• Simple system – udd quark composition

• Decays by d -> u  weak interaction

• Can measure neutron lifetime, decay correlation constants, 
energy spectra 

• Cold neutron : moderated by LH2, ~meV

• Polarized neutron (spin ½) 

• Pulsed neutron : Pn



Neutron β-decay
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Neutron polarization

Correlation: a, A, B, b



Neutron β-decay in quark picture

In SM,    
• comes from W exchange in weak interaction. 
• a, A, and B depend on two coupling constants, GA and GV.
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Weak charged coupling constants:

GF is universal coupling constant in weak interaction
Known from µ and τ decays

τn is known to 0.2% -> 0.02%

In SM of V-A weak interaction

constant

Determine λ

Determine Gv

According to CVC,

Determine GA

test CKM matrix unitarity26.1g,GgVG
1g,GgVG

AFAudA

vFvudV
≈=
==



Neutron ββββ-decay correlation sensitivity to λλλλ

λ=gA/gV
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Universality of Weak Interaction
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Unitarity of CKM matrix tests existence of further 
quark generations and possible new physics

• Weak quark eigenstates are different from quark mass eigenstates

• Universality implies CKM matrix unitarity

V2 = Vud
2  +  Vus

2  +  Vub
2 = 1 

?

• Diagonal elements dominate



Biggest uncertainty is from λ:



Existing Measurements of A



needs imrovement



Collaboration :



(exeriment)



-Determine λ= GA/GV redundantly
Measure both a and A (first precision measurement of “a”)

Determine A from e- and p asymmetries

Reduce technical risk for CKM unitarity test

-Search for Fierz interference term b
Sensitive to scalar and tensor couplings

Non-zero value suggested by π+ β-decay results

Never measured

-Measure B precisely
Sensitive to deviations from V-A theory

Goals



Pulsed



• Dead layer has to be very thin

(a, B)



(for symmetric geometry)



(with a thin Au dead-layer)



• Timing information needed for e- backscattering events for B

• Worst-case events have low-E electron in one detector

• Must achieve timing resolution ~ 1 ns for 200-keV electron



Silicon Detector Timing Measurement Setup
(coincidence with scintillator pulse)

Collimator

90Sr Scintillator

PMT

HV = -1500V

90Sr

Collimator

Plastic
scintillaor

Cold finger

LN

Si detector

HV = 150V



Pulse-height spectra of 241Am  - warm/cool FET

59.5 keV

Energy resolution = 8.1/3.4 keV
HV = 150 V
ST = 0.5/3 µs

warm FET

cool FET



Pulse-height spectra of 241Am and 133Ba

30-keV X-ray, 133Ba

81-keV γ 133Ba

59.5-keV γ, 241Am



tSci

tSi

Scintillator discriminator output

Si preamp output with cold FET

Waveforms of Scintillator and Silicon detector



Waveforms Fit Analysis

yb

ya

Y=ax+b

tsci={(ya+yb)/2-b}/a

Ya’

Yb’

Y=a’x+b’

10%

10%

tsi={(ya’+yb’)/2-b’}/a’

Scintillator signal:

Si detector preamp signal:

∆t=tsi-tsci



Theoretical calculation for a warm FET
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working on



Dead Layer Measurements

Gd-148 source

Dead layer

Silicon detector Collimator

148148148148Gd alpha sourceGd alpha sourceGd alpha sourceGd alpha source



Dead-layer Measurement Apparatus

148GdSi detector
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Test 300 µm-thick Si detector 
to measure dead-layer measurement with 3.2-MeV alpha

∆E=60-KeV loss
∆x=200 nm



Summary
• Important test for SM of weak interaction

• Use Pulsed Cold Neutron β-decay 

• Measure a, b, A, and B  with 0.1% precision

• First precision measurements from Pulsed Cold Neutron decay 
using coincidence timing technique

• To reduce systematic and statistical uncertainty, it is very important 
to have redundant λ, polarization of neutron, large size with thin-dead 
layer Si detector, and timing coincidence technique

•Demonstrated criteria of a spectrometer to observe proton and 
backscattered electron with a small size of Si detector

∆E =3.4 keV for 60-keV gamma (with cool FET)
∆t = 1.4 ns (with warm FET)
Energy loss in a dead layer of Si detector

• Schedule first experiment at LANSCE and then SNS



Monitor 1 Monitor 2

Neutron Polarizer

Polarized 3He Neutron Spin Filter

– Single cell Optical Pumping
Spin Exchange w/ Rb

– Pn = tanh(nlσP3)
– tn =t0 exp(-nlσ) cosh(n lσP3)

, where Pn : neutron polarity, 
n : atom density of 3He,
l : the thickness of the cell,
σ : 3He absorption cross section,

P3 : 3He polarization
tn :  # of polarized neutron
t0 : # of unpolarized neutron

3He Cell



3He Spin Filter

Optics

Oven

Optics

3He cell

• Sealed single cells made at 
NIST

• Largest size in the world
• 11 cm diameter
• 4-5 atm-cm thick
• Long T1’s � high P3
• 4 cells available

n

Running at UM since Jan. 2003


